Introduction
Although the symptoms of asthma are associated with a Type I hypersensitivity reaction, there is increasing evidence that a separate underlying inflammation may predispose asthmatics to this hyperreactivity. It could be argued therefore that to treat the causes rather than the symptoms of this very common disease, the mechanisms promoting this underlying inflammation must be investigated.
Previous histological and electron microscopic studies of the bronchial wall in asthmatics have revealed the presence of a chronic inflammatory reaction dominated by mononuclear cells."2 This inflammatory infiltrate has been shown to be present in asymptomatic individuals.3'4 Immunohistological investigation ofbiopsy specimens from the bronchial wall of asthmatics has revealed that this inflammatory response is dominated by T lymphocytes many of which exhibit the phenotype of immunologically activated cells.5 Macrophagelike cells with the phenotype of antigen presenting cells are also present and the immunopathology is further characterized by strong expression of HLA-DR molecules both by the inflammatory cells and the lining epithelial cells of the bronchioles. 5 Together, these features are indicative ofa Type IV hypersensitivity response as seen in other chronic inflammatory diseases. 68 The possibility that T lymphocytes play a central role in the pathogenesis of asthma is supported by three lines ofevidence. Firstly, T cells isolated from asthmatic patients have been shown spontaneously to produce increased levels of eosinophil chemotactic factor9 and exhibit markers of immunological activation."' Secondly, it has been demonstrated that IgE production is controlled by T cells and that regulation of this mechanism may be aberrant in asthmatics." Thirdly, there is now evidence that antigen-specific T cell factors are capable of activating mast cells and causing the release of vasoactive amines. '2 Together these observations promote the hypothesis that the T cell dominated inflammatory reaction identified in the bronchial walls of asymp-tomatic asthmatics may represent the cause of the bronchial hyperreactivity characteristic of these patients, being the 'fertile ground' which predisposes asthmatics to pathological immediate type allergic reactions.'
To test this hypothesis there is a need to study this chronic T cell reaction at progressive times in asymptomatic and symptomatic asthmatics and determine relationships between the changing clinical and physiological status of patients and quantifiable parameters of this inflammatory reaction. As multiple repeated bronchial biopsy is not an option on ethical grounds, less invasive sampling approaches must be sought.
This paper investigates the value of biopsy of the nasal mucosa as a potential alternative to bronchial biopsy for the sequential examination of the bronchial inflammation associated with asthma. To this end, matched samples of bronchial tissue and nasal mucosa were obtained from a group of 5 patients with diagnosed asthma and a comparison was made of the cellular immunological features reflected in each sample.
Materials and methods

Patients and controls
Five patients, 3 male, 2 female, with diagnosed extrinsic asthma (American Thoracic Society criteria) were recruited. All were clinically stable at the time of study with no exacerbations for the 2 months prior. Data on physiology and medication are given in Table I (two patients had a history of smoking but no discrimination in any results related to smoking were detected). Two patients had a history of allergic rhinitis, but this was quiescent at the time of study; the other 3 were free of any nasal symptoms. Control samples of bronchial tissue were taken from patients attending for bronchoscopy with no history of asthma. Control samples of nasal mucosa were obtained from 5 patients attending for minor surgical procedures to the ear. No control subject had any history of lung disease or an episode of viral infection in the 2 months prior to sampling. No evidence of atopy was present and all were non-smokers, none had any nasal symptoms.
Clinicalprocedures
Bronchoscopy was performed with an Olympus fibre optic bronchoscope. Patients received sedation with diazamules (1O ml intravenously). The nasopharynx was anaesthetized with 10% lignocaine spray and the bronchoscope introduced through the nose. Following further topical anaesthetic with 0.5% lignocaine, 2-3 endobronchial biopsies were obtained from sub-carina using cup forceps. The biopsy was removed via the bronchoscope and placed on saline dampened gauze ready for processing. The bronchoscope was then removed. Using nasal biopsy forceps, a sample of the mucosal lining of the inferior turbinate of the contralateral nostril to that used for bronchoscope entry was obtained. This was placed on saline dampened gauze prior to processing. Control samples of nasal mucosa were obtained in a similar fashion from patients undergoing general anaesthesia for minor ear surgery.
Preparation ofsamples
All fresh biopsies were placed on small pieces of cork covered in OCT mounting medium (BDH Ltd., Poole, Dorset) and frozen in isopentane cooled in a bath of liquid nitrogen. The samples were then stored at o0 below -70°C until 6 fm tissue sections were cut on a cryostat maintained at -30°C. Slides were air dried for 30 minutes, fixed in chloroform acetone (1:1) for 5 minutes, wrapped in cling film and stored at -20°C until used. 
Histology/cytology
Tissue sections from all biopsies were stained with haematoxylin and eosin or toluidine blue to reveal the histological characteristics of the sample.
Immunocytochemistry
The presence, distribution, and proportions of immunocompetent cells within the cryostat sections of the biopsy specimens were determined using immunocytochemical methods incorporating a panel of monoclonal antibodies (MoAb). These reagents were used in indirect immunoperoxidase methods using goat anti-mouse immunoglobulin second layers conjugated to horseradish peroxidase, with a DAB/hydrogen peroxide solution used as a developing reagent. CD4:CD8 ratios were determined using double immunofluorescence methods with class specific second layers conjugated to FITC and TRITC.'7 MoAbs used are listed in Table II . Negative control preparations omitting the first layer MoAb, and positivity controls using sections of human palatine tonsil, were always performed for reference.
Quantification
Morphological parameters were assessed visually. The distribution and frequency of phenotypically distinct cell types within the tissue sections was determined using image analysis systems (Seescan Imaging Ltd., Cambridge, England). Numbers of cells expressing specific markers were point counted in frame defined areas of the sections. The analyser records the area and divides the number of cells counted by the area ofthe section framed, thus reducing area to unity. All counts are expressed related to a unit area of 104/fm2. In most samples all of the inflammatory area was measured, in others a minimum of triplicate areas taken at random from duplicate sections were analysed. Immunofluorescence preparations were counted visually using a Zeiss fluorescence microscope with epi-illumination and appropriate barrier filters for FITC and TRITC. The expression of HLA-DR on the nasal biopsies was quantified by measuring optical density of the peroxidase reaction product using the image analyser. The areas of epithelium and lamina propria were framed on the computer and optical density related to area was measured for each specimen. Care was taken to ensure that all peroxidase reactions for this analysis were performed at the same time with the same reagents. No counterstaining was used. All samples were analysed 'blind' without knowledge of the subject group from which they came.
Statistical analysis
Where relevant, significance was determined using Students 't' test for non-paired data. Accumulations of lymphocytes and macrophages were seen within the lamina propria and there was some evidence ofepithelial hyperplasia (Figure 2a) . The control nasal samples showed a greater cellularity than the control samples ofbronchial tissue but did not exhibit the level of inflammation seen in the nasal biopsies from the asthmatic subjects (Figure 2b ).
Results
Histology
Immunohistology
Bronchial biopsies The inflammatory infiltrates seen in the asthmatic endobronchial biopsies showed a major population of T lymphocyes (mean + s.d., 5.98 ± 2.58 cells/unit area compared to 1.47 ± 0.4 in controls, P<0.01) (Table III) (Table III) yet the increased incidence of these cells did not reach statistical significance over the controls. Nasal mucosa Immuno-histological studies of nasal biopsies also revealed differences between the normal samples and asthmatics. The asthmatics had significant increases in the number of T cells (P< 0.005), CD45Ro + cells (P< 0.05) were observed (Table IV) . No difference in the numbers ofCD14 + monocyteswasrecorded.TheCD45Ro + cells in the asthmatics nasal tissue were again present in both the lamina propria and in the epithelium (Figure 3b ). CD4:CD8 ratios were variable. Two patients showed a slight CD8 dominance and 1 patient showed a ratio of 2:1. The other 3 asthmatic patients exhibited equal properties of CD4 + and CD8 + cells. No difference in the small numbers of CD 14 + cells present was noted (Table IV) . Overall, a close similarity was seen in the distribution of lymphocyte and macrophage sub-sets in the bronchial and nasal biopsies from asthmatic patients.
HLA-DR expression on nasal mucosa As raised expression of HLA-DR antigens has previously been shown to be a feature of bronchial tissue from asthmatics,5 HLA-DR expression was determined in all nasal biopsies using optical density measurements on the image analysis system. Readings were taken both ofthe epithelium and of areas within the lamina propria, the distinction being made by marking on the computer. HLA-DR antigens were present in both areas of the control tissues (Table V) were observed in all samples of nasal mucosa obtained from asymptomatic asthmatics. Increase in the expression of lymphocyte 'memory cell' antigen (CD45Ro)'s was also noted. Raised expression of HLA-DR antigens was also seen. All of these changes are consistent with the immunopathology of the asthmatic bronchial tissue seen in this study and reported previously.5 Eosinophil numbers were not quantified. This might be a valuable addition to further studies.
Other workers have demonstrated an increased reactivity in circulating lymphocytes of asthmatics, in terms of expression of activation markers,'0 and the production of eosinophil chemotactic factors.9 There is also no doubt that asthmatic individuals can exhibit atopy in terms of allergic skin test reactivity, some workers arguing that all asthmatics may be atopic.'6 Raised levels of IgE in the circulation are also common.'7 It is clear therefore that the immunological aberrations associated with this disease are not restricted to the bronchioles of the lung. The presence of sub-clinical inflammation in the nasal mucosa (an area also exposed to environmental antigens) might thus be anticipated. The two asthmatic patients having allergic rhinitis could not be distinguished in any way from the 3 without frank nasal symptoms, therefore it is unlikely that the inflammation in the nasal mucosa of the asthmatics resulted solely from another clinical problem. There would be value, however, in repeating these studies on a group of atopic, non-asthmatic individuals where the atopy component of nasal inflammation could be assessed.
With specific regard to T cells, it has been suggested that aberrations in T cell control of IgE production occur in asthma;" that T cells may release chemotactic factors for other inflammatory cells,'2 and may regulate the release of vasoactive amines from mast cells.9"2 Indeed, correlation has been reported between increases in bronchoalveolar lavage lymphocytes and mast cells in other lung diseases.'8 Together, these observations lead to the conclusion that an understanding of the role of T cells in asthma is crucial to an insight into pathogenesis. Of particular interest is the presence of large numbers of CD45Ro + T cells in both the nose and the lung. As CD45 has been shown to be a protein tyrosine phosphatase,"9 the increased expression of this molecule may be responsible for altered regulation of signalling between lymphocytes20 and thus the characteristic expression of 'hypersensitivity' in asthmatics.
The demonstration in this paper that infiltrates of T cells appear in the nasal mucosa of asthmatics identifies a source of these cells that requires the minimum of invasive technique and may be of value in the study of pathogenesis and the sequential monitoring oftherapy. Further studies (Poulter et al., in preparation) have characterized the phenotype of both bronchial and nasal T cells from asthmatics in detail and have revealed that the T cells infiltrating these different tissues appear antigenically indistinguishable. Overall, it can be concluded that nasal biopsy might offer an alternative tissue for investigating the underlying, chronic inflammation in asthmatics. Furthermore, this result also leads to the conclusion that such inflammation is not solely restricted to the bronchioles and, as with atopic reactions observed on the skin, may reflect a systemic component of the asthma syndrome.
